claimed that the growth rate of rats given sterilized milk was considerably less than that of those given fresh milk, but no detrimental effect of sterilization of milk on growth of rats, when such milk comprised all or the major part of the diet, was found by Henry Wagner (1952) also reported that sterilization resulted in the destruction of a large proportion of the vitamin A in milk; this claim was challenged by Kon (1952) who presented ample evidence from the literature that little destruction of vitamin A occurs during milk sterilization. Clearly not too much weight should be given to Wagner's claims unless they can be confirmed by other workers.
A comparison of the nutritive values of pasteurized milk (72" for 20 sec), and U.H.Ttreated milk re-sterilized in-bottle, for baby pigs was made in Holland by de Groot & Engel (1956) who found small, not significant differences in growth rate in favour of the pasteurized milk. Trials involving a total of 866 infants from birth to 10 months of age made in Germany by Jochims & Wickhaus (1954) and Jochims (1957) indicated that milk sterilized by the Stork process was inferior to pasteurized milk as judged by average daily weight gains, dyspepsia and tolerance of overfeeding.
404

K. W. G. SHILLAM AND OTHERS I 960
It is reasonable to suppose that the young calf would be the most sensitive test animal to detect any changes in cow's milk caused by heat treatment. The experiment reported in this paper compared the nutritive values of u.H.T.-treated milk and raw milk for the young calf and is part of an inquiry being made at this Institute to find the effect on the performance of the calf of milk powders that have been subjected to certain heat treatments during processing. These milk powders form a large proportion of milk 'substitutes' widely used in the feeding of young calves. Although it has been generally found that pasteurization does not impair the nutritive value of milk for the calf, the opportunity was taken to compare pasteurized milk with raw milk under our experimental conditions.
M E T H O D S
Plan of expenkent
The experiment was done in the autumn of 1958 after the calfhouse had been occupied by only a few calves during the summer months; the level of 'infection' in the calfhouse was therefore low (see Roy, Palmer, Shillam, Ingram & Wood, 1955 Each calf was given initially 6 pints of colostrum consisting of I pint from each of six different batches. Calves within each block received the same blend of colostrum but there were differences in the blend between some of the blocks.
Milk. T o avoid treating small amounts of milk daily and to ensure batches of similar composition, the procedure was as follows. At intervals, generally weekly, 45-75 gal of whole milk from the Institute tuberculosis-free herd were drawn from a bulk tank for treatment in the experimental dairy. T h e U.H.T. plant used was an APV plate heat-exchanger described in detail by . Two-thirds of the milk were placed in the holding tank of the U.H.T. plant, heated to 4 9 O , homogenized at a pressure of 2500 Ib/in2 and cooled immediately. Half of this milk was then pasteurized by the Holder method at 63' for 30 min and cooled on a surface cooler. It was necessary to homogenize the raw and pasteurized milks in order to prevent oiling-off of the butterfat during storage. The remaining one-third of the milk was placed in the holding tank of the U.H.T. plant, homogenized as described above, passed to the steam-heating section, sterilized at 1 3 5~ for 1-3 sec and cooled immediately. T o prevent dilution by water that had been passed through the homogenizer and heat exchanger before treatment of the milk, several gallons of milk were allowed to go to waste before the Vol. 14 Heat-treated milks for the young calf 405 treated milks were collected at the outlet of the plant. In all, twelve batches of milk were treated by these methods.
The raw, pasteurized and u.a.T.-treated milks were then stored in I-pint waxed cartons at -25' until required, The amount of milk required daily was slowly thawed and warmed to 37" before use; the daily allowance was calculated to give a live-weight gain of I lb/day (Roy, Shillam, Hawkins & Lang, 1958) .
Analytical methods
Duplicate or triplicate samples taken from each batch of the three milks directly after treatment were analysed for fat and solids-not-fat content. The proximate composition, nitrogen partition and ultrafiltrable calcium were determined on two pooled samples of each of the three milks. Each of these pooled samples was a composite sample of six batches of milk that had been stored at -2 5 O . The proximate composition was determined by the methods used by Rowland, Roy, Sears & Thompson (1953) , nitrogen partition by the method of Aschaffenburg & Drewry (1959) and ultrafiltrable calcium on an ultrafiltrate of milk obtained by the method of Gregory
Calves
The calves were reared for 3 weeks; collection and general management were as in earlier experiments (Aschaffenburg, Bartlett, Kon, Terry, Thompson, Walker, Briggs, Cotchin & Lovell, 1949) . If a calf scoured, the quantity of milk was reduced to that calculated to give maintenance of body-weight (Roy et al. 1958) . When the consistency of the faeces returned to normal, the volume of milk was increased to the normal daily allowance. This practice was repeated when scouring recurred.
R E S U L T S
Performance of the calves
The results are given in Table I . It is clear that, whereas pasteurized milk had no detrimental effect on the health or growth of the calves, milk that had been subjected to U.H.T. treatment was inferior to both raw and pasteurized milk. From Fig. I , which gives the mean daily live weights over the 3-week period, it can be seen that the differences in growth rate were most marked during the first 10-12 days of life. This was no doubt due at least in part to the higher incidence during this time of scouring among the calves given u.H.T.-treated milk. Fig. 2 shows the percentage of calves on each treatment that scoured on each day during the 3-week period.
A multiple covariance analysis of live-weight gain/day on the variables, birth weight, colostrum and milk-solids consumption, incidence of scouring and incidence of a high rectal temperature was made; only the partial regression coefficient of liveweight gain on consumption of milk solids was significant. Treatment means were therefore adjusted by means of the simple regression coefficient of live-weight gain/day on consumption of milk solids given in Table I . As the milk intake of the calves was considerably reduced when scouring occurred, this adjustment was in fact largely one for scouring. After adjustment, the mean growth rate of calves given U.H.T. * Significantato.01 < P < 0.05. ** Significantato.oo1 < P < 0.01. *** SignificantatP < 0.001.
Vol. 14 Heat-treated milks for the young calf 407 regression coefficient -0.16 & 0.07, significant at 0.01 < P < oeos), the mean growth rate of calves given u.H.T.-treated milk was again significantly less than that of those given raw or pasteurized milk.
Composition of raw, pasteurized and u.H.'r.-treated milks The mean fat and solids-not-fat contents of the three milks are given in Table 2 .
The u.H.T.-treated milk contained 1.8 % less total solids than the raw milk and 2.3 yo less than the pasteurized milk.
The proximate compositions, given in Table 3 , of the six pooled samples of the three milks, were very similar, but the amount of ultrafiltrable calcium in the u.H.T.-treated milk was about 15 yo less than that in the raw milk. Table 4 show that, although the content of total N in the milks was similar, the amount of non-casein protein N in the u.H.T.-treated milk was only 28 yo and in the pasteurized milk 90 % of that in the raw milk. The effect of U.H.T. treatment on the content of total albumin N and its fractions was similar to that obtained by Larson & Rolleri (1955) in milk heated at 75-85' for 30 min; the /3-lactoglobulin fraction was particularly affected, its content in u.H.T.-treated milk being only 10% of that in the raw milk. * Mean for both pooled samples.
-f Includes denatured non-casein N.
f Sum of a-lactalbumin, 'blood ' serum albumin and two minor components (see Aschaffenburg & Drewry, 19 59 ).
D I S C U S S I O N
The results of this experiment show clearly that the performance of young calves reared on u.H.T.-treated milk for the first 3 weeks of life was considerably inferior to that of calves reared on raw or pasteurized milk. The higher incidence of scouring of calves given u.H.T.-treated milk did not solely account for the reduced growth rate, for after adjustment of mean live-weight gains/day for the effect of differences in incidence of scouring between treatments, weight gains of calves given raw or Vol. 14 Heat-treated milks for the young calf 409 pasteurized milk were significantly greater than those of calves given u.H.T.-treated milk. As adjustment of live-weight gains was made for differences in the consumption of total solids in the milks, the observed differences in growth were not attributable to the slightly lower fat and solids-not-fat content of the U.H.T. The observed differences in growth rate certainly did not result from differences in palatability of the diets, for u.H.T.-treated milk, despite its cooked, sulphurous smell, was as acceptable as raw or pasteurized milk. Over the 3-week period, refusals of milk offered averaged 1.5 pints/calf for calves given U.H.T.-treated milk compared with 2.7 or 2.2 pints/calf, respectively, for those given raw or pasteurized milk. de Groot & Engel (1956) considered that the slightly inferior weight gains of baby pigs 2-4 days old given milk sterilized by the Stork process compared with those of pigs given pasteurized milk could be partly attributed to differences in food intake during the 1st week of the trial. Thus, difficulties were found in accustoming baby pigs to the sterilized milk, but the authors gave no values for milk consumption. During the 5-6 weeks trial period the weight gains of their pigs given u.H.T.-sterilized milk were 97 % of those given pasteurized milk, whereas the corresponding figure during the 1st week of the trial was only 73%. The more marked effect of u.H.T.-treatedmilk during the early postnatal life of pigs is in agreement with our present findings with calves and also with our unpublished results of studies on the effect on the performance of the young calf of milk powders subjected to certain heat treatments during pro- ) that the boiling of milk has a marked effect in vivo on the rate of clotting and of liquefaction of the curd and also on the emptying time of the abomasum. It seems possible therefore that the poor performance of calves given u.H.T.-treated milk may have been associated with changes in the physical nature of the rennet clot formed in the abomasum. It is well established that calcium is associated with rennet coagulation, for Kastelic, Bentley & Phillips (1950) demonstrated that a synthetic milk containing 1-26 g calcium/l. was a satisfactory diet for the newborn calf, whereas when calves were given a milk in which the concentration of calcium was reduced to 0.73 g/l. to prevent coagulation by rennet, they did not grow normally and developed diarrhoea. However, the milk of low calcium content was satisfactory for the 2-week-old calf, a finding which the authors explained by assuming that by this age secretion of acid and pepsin had developed sufficiently to cause coagulation of the milk.
It is known that when milk is heated the concentration of soluble calcium decreases by up to 25% (Lampitt & Bushill, Hostettler & Stein (1958) consider that the reduction in calcium-ion concentration in evaporated milk is due to the increased binding of calcium by the denatured proteins, a finding in accordance with that of Kannan & Jenness (1956) who showed that increased rennet-coagulation time of heated milk occurred only in the presence of denatured whey proteins.
Many previous experiments comparing raw and pasteurized milk have been complicated by the fact that some of the calves fed on raw milk reacted to the tuberculin test (Wilkie, Our findings of the relative inferiority of u.H.T.-treated milk for the young calf appear to have little significance in practice, for it seems unlikely that calves will ever be reared under farming conditions on milk that has been subjected to U.H.T. treatment. However, the results of this experiment are in agreement with our findings (to be published) that certain severe heat treatments, imposed on skim milk during the drying process, reduce the nutritive value of the dried product for the calf.
In view of the increasing use of sterilized milk for human consumption both in this country and especially in warmer climates, it appears to be desirable to obtain further evidence on the effect of U.H.T. treatment of milk on the performance of the young artificially fed human infant. The young calf, however, appears to be an extremely sensitive test animal for studying the effect of changes in the composition of cow's milk, its natural food, and one must be cautious when reasoning from one species to another. Moreover, in infant feeding, cow's milk is generally diluted with water and boiled before use. 2. The health and weight gains of calves given pasteurized milk and of those given whole milk were similar.
3.
Live-weight gain of calves given u.s.'r.-treated milk was significantly less and the incidence of scouring significantly greater than of calves given raw or pasteurized milk.
4.
U.H.T. treatment of milk denatured 72% and pasteurization only 10% of the non-casein protein N.
5.
The possibility is discussed that the poor performance during the first 1-12 days of life of calves given u.H.T.-treated milk is related to the denaturation of the whey proteins.
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